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Abstract. Rivers and streams lined by a narrow strip of forest on either side, which is protected by 
law, are a common sight in the agricultural countryside of La Gamba, Costa Rica. Our objective was 
to study the importance of these gallery forests for birds, especially forest species, which are of high 
conservation relevance because their natural habitat is most threatened. Using mist-nets, 1,110 birds 
belonging to 90 species were captured from June to September 2007 at sixteen sites spread equally 
over four habitat types: forest interior, forest margin, gallery forest connected to closed forest, and 
isolated gallery forest. Though isolated gallery forests had the greatest number of netted individuals 
and the highest number of expected species in total, they supported the lowest number of forest 
specialist species, significantly lower even than connected gallery forests. Insectivorous bird species 
showed a decrease in richness and abundance from forest to isolated gallery forest, while 
granivorous species increased. The four studied habitats differed significantly from each other in 
their faunal composition. Assemblages of three bird groups categorized by their habitat preferences – 
forest specialist species, forest generalist species and non-forest species – showed a nested 
distribution pattern. Regarding forest specialists, gallery forests were characterised by subsets of 
species assemblages of the species-richer forest sites. In the two other groups an opposite pattern of 
nestedness was found. Canonical correspondence analysis showed a clear segregation of forest 
specialist species from other species especially along the environmental vector canopy closure, more 
so than along either undergrowth, leaf litter or tree density vectors. There was no significant 
difference in the proportion of birds with brood patches or of recaptures across the four studied 
habitat types, leading to the assumption that birds not only use gallery forests for movement and 
foraging but also for reproduction. Although gallery forests appeared to be of limited conservation 
value for the majority of forest understorey birds, at least for a small fraction of forest species they 
constitute an important secondary habitat, or can be used as corridors or stepping stones for 
movements within the matrix of human-dominated habitats. Furthermore, they represent an 
important landscape component increasing bird species richness in the Costa Rican countryside.  
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Zusammenfassung. Bäche und Flüsse, die von einem schmalen Waldstreifen gesäumt werden, sind 
ein häufiges Landschaftselement in La Gamba, Costa Rica. Unser Ziel war es, die Bedeutung dieser 
so genannten Galeriewälder für Vögel zu untersuchen, insbesondere für die Gruppe der Waldvögel, 
die auf Grund von intensivem Habitatverlust von besonderer Naturschutzrelevanz sind. Mit 
Japannetzen wurden von Juni bis September 2007 insgesamt 1110 Vögel aus 90 Arten gefangen. Die 
sechzehn ausgewählten Standorte waren gleichmäßig auf vier Habitattypen verteilt: Waldinneres, 
Waldrand, an geschlossenen Waldflächen angebundener Galeriewald und isolierter Galeriewald. 
Obwohl die höchste Abundanz und höchste geschätzte Gesamtartenvielfalt in isolierten 
Galeriewäldern erfasst wurde, wies dieser Habitattyp die geringste Anzahl an spezialisierten 
Waldarten auf – signifikant weniger sogar als angebundene Galeriewälder. Sowohl Vielfalt als auch 
Abundanz von Insekten fressenden Vögeln nahm von Waldstandorten zu isolierten 
Galeriewaldstandorten hin ab, während Samen fressende Vögel gleichzeitig zunahmen. Die vier 
untersuchten Habitattypen unterschieden sich signifikant hinsichtlich ihrer faunistischen 
Zusammensetzung. Die Artenzusammensetzungen dreier nach Habitatprefärenz kategorisierten 
Gruppen – spezialisierte bzw. generalistische Waldarten und nicht-Waldarten – wiesen ein 
verschachteltes Verteilungsmuster auf. Betrachtet man spezialisierte Waldarten, waren die in 
Galeriewäldern vorkommenden Artengemeinschaften Untergruppen derer, die in den artenreicheren 
Wäldern vorkamen. In den anderen Gruppen zeigte sich ein umgekehrt verschachteltes 
Verteilungsmuster. Eine kanonische Korrespondenzanalyse verdeutlichte eine klare Aufteilung 
zwischen spezialisierten und generalistischen Waldarten sowie spezialisierten Offenlandarten, vor 
allem entlang des Umweltvektors Kronenschluss, wohingegen die Vektoren Unterwuchs-, 
Laubstreu- oder Baumdichte zumindest von untergeordneter Bedeutung waren. Es gab weder einen 
signifikanten Unterschied des Anteils an Waldvögeln mit Brutflecken, noch für die Zahl wieder 
gefangener Waldvögel. Dies legt den Schluss nahe, dass Galeriewälder nicht nur als Deckung und 
zur Nahrungssuche verwendet, sondern von einigen Waldvogelarten auch als Bruthabitat genutzt 
werden. Obwohl Galeriewälder für die meisten Unterwuchsvögel des Waldes einen begrenzten 
Naturschutzwert zu haben scheinen, können sie dennoch von einem kleinen Teil der Waldarten als 
wichtiges Sekundärhabitat, oder als Korridor bzw. Trittsteine für Bewegung innerhalb der von 
Menschen dominierten Habitatmatrix genutzt werden. Sie stellen ein wichtiges Landschaftselement 
dar, welches den Vogelartenreichtum in der Costa Ricanischen Landschaft steigert. 
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Introduction 
Costa Rica, like all tropical countries, has been affected by extreme deforestation in recent times. In 
the second half of the past century alone the extent of Costa Rica’s rainforests was reduced by more 
than half (Rosero-Bixby and Palloni 1998). Pristine rainforest has had to make way for a vast 
complexity of land covers considered necessary to satisfy the requirements of a fast growing 
population and burgeoning global markets (Rosero-Bixby and Palloni 1998, Daily et al. 2001). Seen 
on a greater scale the deforestation process is hardly ever complete. Less accessible forest areas are 
sometimes left untouched and second-growth often has a chance to regenerate on abandoned 
agricultural plots (Warkentin et al. 1995). The result is mostly a mosaic-like, fragmented landscape 
consisting of an agricultural matrix with interspersed islands of forest remnants or second-growth. 
When habitat fragmentation causes animal populations to become isolated, their extinction rates rise 
due to genetic drift effects and inbreeding depression (Noss 1987, de Lima and Gascon 1999). 
Furthermore, in a fragmented landscape, habitat edges become more prevalent, leading to an 
increase in edge effects such as increased nest predation and (in the case of neotropic birds) cowbird 
parasitism (Hoover et al. 2006, Watson et al. 2004). 
 
Much has been written on whether biological corridors fulfil their function and actually allow 
isolated populations of certain animal species to move between habitat fragments (Noss 1987, 
Machtans et al. 1996, Beier and Noss 1998). Some papers question this and, at the very least, caution 
against putting too much blind trust and also conservation money into corridor projects, before more 
research has actually proven their value and effectiveness (Simberloff and Cox 1987, Simberloff et 
al 1992, Rosenberg et al. 1997). A review of literature relevant to the question (Beier and Noss 
1998) concludes that corridors are generally useful conservation tools, though the question is best 
answered individually for specific focal species and landscapes. Despite criticism corridors are 
being considered across the globe for all kinds of focal species and habitats, and are mostly created 
at high costs. In hindsight it would seem to have been prudent, and certainly less expensive, to 
simply leave connecting strips of original forest in the first place, when land was cleared for 
whatever perceived reason (Machtans et al. 1996). 
 
For the past ten years something similar has been happening in Costa Rica, though only as an 
unintended but convenient side-effect to a different intended goal. In 1997 Costa Rica introduced a 
new forestry law (Ley Forestal No. 7575) with the revolutionary intention of paying private 
landowners on a long term basis for the environmental services provided by intact forest on their 
land – thereby making it less tempting to degrade land for short-term financial gains. One of the 
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environmental services considered in this law is watershed protection (Chomitz et al. 1999). As a 
consequence, article 33 b of the forestry law declares forest growing next to bodies of water as 
protected. The specific protected areas relevant to this study are “15 metres in rural areas, measured 
horizontally on either bank of a river, gully or stream, where the terrain is flat” (Asamblea 
Legislativa de la Republica de Costa Rica 1997, No. 7575 Ley Forestal). The result is a network of 
gallery forests interspersed throughout the landscape, some of which connect forest fragments with 
each other. Though they are narrow compared to actual wildlife corridors, were not intended for the 
purpose and are unmanaged, gallery forests do increase connectivity (Matlock et al. 2002) and might 
be beneficial to the dispersal of populations of some species that would otherwise find themselves 
isolated. 
 
Although birds are especially vagile organisms by nature, a number of studies have shown that even 
relatively short stretches of open land between forest fragments can form a barrier for certain forest-
dwelling birds (Machtans et al. 1996, Laurance et al. 2004, Laurance and Gomez 2005). Of all birds, 
those adapted to the density and darkness of rainforest undergrowth should be most reluctant to cross 
bright, open spaces. Forest understorey insectivores, especially those associated with mixed species 
flocks or army ants (e.g. Eciton burchellii), and ground-dwelling species appear to be the most 
negatively affected by habitat fragmentation (Stouffer and Bierregaard 1995, Şekercioğlu et al. 2002, 
Laurance et al. 2004). The assumption that corridors should prove beneficial to these species in a 
fragmented landscape seems justified. 
 
This study was designed to show general differences or similarities in species richness and 
composition of understorey birds between primary forest and gallery forests. On a more detailed 
level, the conservation value of different habitats was studied for forest specialist species, species 
belonging to different feeding guilds and species with different breeding range sizes. A comparison 
of recapture rates and proportion of breeding birds across the studied habitats should help 
differentiate between habitats used for reproduction and those primarily used for movement or 
foraging. To place this study in an environmental context, habitat variables were chosen, by which to 
quantify differences between habitats and test their specific influence on different species and 
species groups. The underlying question to be answered by this study is to what extent gallery 
forests, abundant as they are in Costa Rica thanks to the aforementioned forestry law, are utilized by 
forest birds and if they are used merely as corridors between forest fragments or even as breeding 
habitat. Finally this study should deliver recommendations for possible improvement of existing 
gallery forests to maximise their conservation potential. 
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Study area and study sites 
The study was conducted from June to September 2007 at the Tropenstation La Gamba 
(http://www.lagamba.at/researchdb/pageen/index.php) in the Pacific lowlands of south-western 
Costa Rica. La Gamba lies nestled at the edge of the Piedras Blancas National Park, and opens onto 
agricultural land towards the east – mainly represented by cow pastures, rice fields and a growing 
proportion of oil-palm plantations. The 16 chosen study sites lay dispersed around the research 
station and were at most 5 km away (Fig. 1). The sites lay at comparable altitudes of 70 to 200 m. La 
Gamba receives about 6,000 mm of rain annually, with a peak of precipitation from August to 
November, and a drier period from January to March. The mean annual temperature is 28.5° C 
(Weissenhofer and Huber 2008). 
 
Study sites represented four habitat types: forest interior, forest margin, gallery forest connected to 
closed forest and isolated gallery forest (henceforth F, FM, GC and GI). Connected gallery forests 
were defined as being directly connected to forest by closed canopy. Isolated gallery forests had no 
direct connection to and were situated between 300 and 600 m from closed forest. Four replicate 
sites were selected for each habitat type. The majority of sites were situated along rivers or streams 
(all gallery forest sites per definition). Four sites (2 F and 2 FM) were situated along forest trails. 
The 16 sites (F5, F6, F7, F9, FM3, FM4, FM6, FM10, GC1, GC2, GC6, GC10, GI1, GI3, GI6 and 
GI10) correspond with 16 of 44 sites used in a related study conducted simultaneously in the area 
(Riedl & Schulze, unpublished), hence the labels are not in numerical order. 
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Fig. 1. Schematic map of the study area showing mist-netting sites. Dark patches represent forest, light 
patches indicate open land. Sites of each habitat type are described by a different number: 1 = forest, 2 = 
forest margin, 3 = connected gallery forest, 4 = isolated gallery forest. The village of La Gamba and the 
research station are marked on the map. 
 
Methods 
Mist-Netting 
Birds were sampled using mist-nets measuring 12 x 2.5 m, with a mesh size of 16 mm. Four such 
nets were used at each site, and were erected c. 40 m apart, two on either side of the stream or trail in 
an offset pattern, terrain permitting. Two sites (GI6 and GI3) were too small to fit four nets in a row 
so only three nets were used. At another site (GC1) one of the net positions from the first round of 
sampling could not be reached anymore during the second round due to a new barbed wire fence. 
This site was first sampled with four nets, and then only with three. Nets were not open for more 
than two consecutive days at one site before being moved to the next. After all sites had been 
sampled once, a second round of sampling began again at the first site. This allowed for 4–5 weeks 
between the first and second sampling round at each site. Though four days of sampling had been 
intended for each site, time constraints towards the end of the study forced the total to be reduced to 
three days at five selected sites (F7, FM6, GC1, GC10 and GI6). 
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The nets were usually opened from 05:30 (c. 15 minutes after sunrise) until 12:30, but closed in the 
event of rain to avoid an increased mortality of trapped birds (Blake and Loiselle, 2001). Nets were 
controlled on an hourly basis and captured birds carried to a ringing site away from the nets. All 
birds were weighed and their bill-to-skull length and length of flattened wing measured. Presence or 
absence of a brood patch was noted, as were any signs of moulting. To avoid pseudoreplication by 
multiple counts of identical birds, every bird was ringed using numbered plastic colour rings (one 
colour for each habitat type), except hummingbirds (Trochilidae), which were marked by clipping 
the ends of one or two of the outer rectrices (following Matlock et al. 2002, Paulsch and Müller-
Hohenstein 2008). Birds were identified using Stiles and Skutch (1989) and Garrigues and Dean 
(2007). Sex and age of birds were identified where possible. Taxonomic nomenclature follows 
Calderón et al. (2007). 
 
All birds were classified by their feeding guild affiliation (categories: insectivores, nectarivores, 
granivores, omnivores, frugivores, carnivores, piscivores) and habitat preference (forest specialists, 
forest generalists, non-forest species) according to the species descriptions in Stiles and Skutch 
(1989). Birds were further classified by distribution (range-restricted, non range-restricted) using the 
range size estimates published by BirdLife International (Stattersfield et al. 1998), where range-
restricted species are defined as species with a total breeding range of less than 50,000 km2, which is 
roughly the size of Costa Rica itself. For the range-restricted species considered in this study, this 
definition was identical to the range description “occurs in Costa Rica and Panama” in Stiles and 
Skutch (1989). 
 
Habitat variables 
Habitat variables were recorded during the study in order to allow statistical testing of species-
habitat relationships. The four variables recorded at every net position were: canopy closure, 
undergrowth density, leaf litter density and number of trees >10 cm diameter at breast height (DBH). 
 
For canopy closure one vertical photo was taken around noon from the middle of every net 1 m 
above the ground. These images were then converted to only black and white pixels using image 
processing software. The proportion of black pixels in the image equalled the degree of canopy 
closure. For both undergrowth and leaf litter densities, four photos of the ground were taken at equal 
intervals 4 m on either side of every net, totalling eight undergrowth photos and eight leaf litter 
photos per net. The undergrowth photos were taken from 2 m above the ground, the leaf litter photos 
from 0.5 m. Undergrowth and leaf litter covering the ground were then manually selected using 
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image processing software. The proportion of selected pixels equalled undergrowth or leaf litter 
density. Finally, the eight values per net were averaged. Trees with an estimated DBH of >10 cm 
were counted within 4 m on either side of every net. Habitat variables measured in percent (canopy 
closure, undergrowth and leaf litter densities) were arcsine square root transformed before analyses 
to ensure normality. 
 
Data analysis  
Rarefaction analysis was used to compare species richness between habitat types, because all the 
sites differed slightly from each other in sampling effort and differed greatly in the number of 
captures. Hurlbert rarefaction accumulation curves plot the cumulated number of species against the 
cumulated number of individuals, allowing a comparison between curves at any common number of 
captured individuals (Magurran 2004). In this case, a statistical comparison was made at the largest 
common number of individuals (following James and Rathbun 1981). The Biodiv97 plug-in tool for 
Excel (Messner 1997) was used to calculate rarefaction accumulation curves and their 95% 
confidence intervals. 
 
Total species richness was further estimated by an extrapolative method as the median of four 
different non-parametric species richness estimators in EstimateS (Colwell 2005): ACE (abundance-
based coverage estimator), Chao1, Jack1 (first-order jackknife estimator) and MM (Michaelis-
Menten richness estimator). The use of such estimated total numbers of species as a measure for 
species richness is of particular relevance to studies conducted in tropical rainforests because 
recorded species richness is typically much lower than the “true” species richness (Schulze et al. 
2001). The same methods were used to estimate richness of forest species. 
 
Based on brood patch data a proportion of breeding birds was calculated for each site. 
Hummingbirds were excluded in this case because they were not checked for brood patches in the 
field. Recapture rate at each site was calculated as the number of recaptures (excluding those within 
the first hour after initial capture) divided by the number of initial captures (Blake and Loiselle 
2002). Recaptures were excluded from all other statistical analyses (Remsen and Good 1996). 
 
Analyses of variance (ANOVAs) were used to test for effects of habitat on species richness, 
proportion of breeding birds, recapture rates, and both relative richness and relative abundance of 
species grouped according to their habitat preferences and feeding guild affiliation. If habitat type 
proved to have a significant effect, Tukey’s Honest Significant Difference Tests (Tukey’s HSD) 
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were used to analyse which habitats differed significantly from each other. If variances were 
heterogeneous, Kruskal-Wallis ANOVAs were used. Results of all statistical tests were deemed 
significant at p ≤ 0.05. Unless stated otherwise, results are provided ± standard deviations. 
 
To compare species composition, Bray-Curtis similarities were calculated for all possible site 
pairings with the software Primer 5.2 (Clarke and Gorley 2001). Abundance data were square root 
transformed to weaken the otherwise predominant influence of highly dominant species (Clarke & 
Warwick 2001). The resulting 16 x 16 study site matrix formed the basis for a non-metric 
multidimensional scaling (NMDS) analysis. This method allows highly complex multidimensional 
relationships between samples to be ordinated in comparably simple two or three dimensions (Clarke 
1993). In the final (in this case two dimensional) ordination, sites of higher similarity regarding 
species composition should in average cluster closer together than less similar sites. Two-
dimensional scaling plots with stress values (a measure of poorness-of-fit) of <0.20 were considered 
to adequately represent species composition relationships (Clarke 1993). For easier interpretation of 
the graph, polygons were drawn connecting all sites of the same habitat type. To test whether species 
composition differed significantly between habitat types, a one-way ANOSIM (Clarke & Warwick 
2001) with 999 random permutations was performed on the similarity matrix using the software 
Primer 5.2. The described methods were used both for total species and forest specialist species.  
 
Nestedness is a measure of community structure, according to which low species-richness 
assemblages are subsets of progressively species-richer ones (Patterson & Atmar 1986). To quantify 
the degree of nestedness of assemblages of forest specialists, forest generalists and non-forest bird 
species, we calculated Monte Carlo-derived probabilities for the recorded presence-absence matrices 
being random, using the software Nestcalc (Atmar & Patterson 1995). Nestedness in the presence-
absence matrices of the sampled sites is tested for by comparing its system temperature with the 
average temperature of 1,000 randomized matrices (Atmar & Patterson 1993). 
 
To test for differences in habitat variables between habitats, we performed one-way ANOVAs using 
means for individual study sites (n = 4 mist-net locations). To examine how species data related to 
environmental data, a canonical correspondence analysis (CCA) (ter Braak 1986) was performed. 
CCA can be seen as a multivariate form of linear regression analysis, allowing the relation between 
any number of species and habitat variables to be plotted in one graph. The habitat variables are 
plotted as vectors of varying length and inclination. The smaller the angle between such a vector and 
one of the two axes of the diagram, the higher the correlation with that axis. The longer the vector, 
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the greater its relative importance for the distribution of species along its associated axis. Species are 
plotted as points situated closest to the habitat variables they are most influenced by (ter Braak 
1986). Only species with more than 10 captured individuals (excluding recaptures) were included in 
the analysis. Because capture rates and vegetation structure could differ greatly between mist-net 
positions at individual study sites, data were not pooled (birds) or averaged (habitat variables), 
instead the CCA was calculated using data for the individual mist-nets. Before the analysis all 
habitat parameters were standardized to eliminate differences arising from different measurement 
units and to make the vector lengths comparable (ter Braak 1986). Monte Carlo randomization (199 
permutations) was performed to test the significance of the CCA result. CANOCO for Windows 
Version 4.55 (ter Braak and Smilauer 2002) was used for CCA. All analyses were carried out in 
Statistica 7.1 (Statsoft, Inc. 2005) unless stated otherwise.  
 
Results 
Species Data 
A total of 1,110 birds belonging to 90 species and 24 families were captured during 1,511 mist-net 
hours (mnh). Of these, 179 birds were caught at F sites, 300 in FM, 276 in GC, and 355 in GI. When 
standardized to the number of captures per 1 mnh, the lowest number of birds (mean number of 
individuals ± SD) was still recorded in F (0.47 ± 0.13), the highest in GI (0.99 ± 0.53). Intermediate 
numbers were found in FM (0.78 ± 0.22) and GC (0.77 ± 0.27). However, capture rates did not 
prove to differ significantly between habitats (one-way ANOVA: F3,12 = 1.72, p = 0.215). A total of 
122 birds (11.0 % of total) were recaptured. Of the 90 species recorded during the length of this 
study, only a few can be considered commonly represented in the data. About a third (34 species) 
was represented by only one or two individuals. The top 20 species alone (22% of total species) 
made up 73% of the total individuals. 
 
A comparison of the number of expected species (gained from rarefaction analysis) at 24 individuals 
(= largest shared number of captures for all sites) showed no significant difference in species 
richness per site between habitat types (one-way ANOVA: F3,12 = 0.44, p = 0.729). Rarefaction 
curves and their 95% confidence intervals (not shown) for pooled habitat data (Fig. 2a) also did not 
show a significant difference between habitats, but indicated very similar species richness. 
 
Analyzing the extrapolated data showed that species richness was affected by habitat type, though 
the result was only just significant (one-way ANOVA: F3,12 = 3.62, p = 0.046; Fig. 3a). GI had 
significantly greater species richness than F (Tukey’s HSD: p = 0.033), while all other pairwise tests 
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did not indicate significant differences between habitats (F: 31.85 ± 4.82, FM: 35.53 ± 6.98, GC: 
37.18 ± 2.83, GI 44.07 ± 6.01). 
 
 
Fig. 2. Hurlbert rarefaction curves showing accumulation of total species (a), and forest specialist species ± 
95% confidence intervals (b) with increasing number of captured individuals for forest (F), forest margin 
(FM), gallery forest connected to closed forest (GC) and isolated gallery forest (GI). n = 4 sites per habitat 
type. 
 
Regarding only the species classified as forest specialist species, the result was quite different. A 
Kruskal-Wallis ANOVA (Kruskal-Wallis H3, 16 = 11.05, p = 0.012) shows that the mean number of 
species per site estimated by rarefaction analysis for 7 individuals (the total number of forest birds 
captured at GI3) was significantly higher in F (5.79 ± 0.46) and FM (5.73 ± 0.31) than in GI (4.21 ± 
0.97), while an intermediate value was reached by GC (4.74 ± 0.63). Rarefaction curves ± 95% 
confidence intervals based on pooled habitat data indicate that forest species richness in GC and GI 
was significantly lower than in F and FM (Fig. 2b). 
 
The highest estimated “true” forest specialist species richness was found in F, markedly decreasing 
towards GI (one-way ANOVA: F3,12 = 7.19, p = 0.005; Fig. 3b). GI differed significantly from both 
F and FM (Tukey’s HSD: p = 0.009 and p = 0.024 respectively). The difference between F and GC 
only just passed the level of significance (p < 0.050; F: 26.33 ± 6.85, FM: 23.82 ± 7.62, GC: 13.71 ± 
4.43, GI 9.45 ± 4.39). 
 
a b 
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Fig. 3. Mean estimated species richness ± SD (box) and 95% CI (whiskers) of the total understorey bird 
assemblage (a) and forest specialist species (b) for each habitat type, based on the median of estimators ACE, 
Chao1, Jack1 and MM. Different letters indicate significant differences between means (Tukey´s HSD).  
 
The decline of relative forest specialist species richness (expressed as a percentage of the total 
number of species captured in each respective habitat) from F and FM towards GC and GI was even 
more conspicuous (Fig. 4). A one-way ANOVA (F3,12 = 52.14, p < 0.001) and subsequent post-hoc 
test (results not shown) showed significant difference in the mean proportion of forest specialist 
species between all habitats except F (83.04 ± 8.11%) and FM (67.83 ± 6.02%), and GC (37.00 ± 
8.71%) and GI (23.00 ± 7.42%). Analyzing the abundance data, the mean proportion of individuals 
belonging to forest specialist species was also significantly different between habitats (F3,12 = 57.58, 
p < 0.001; F: 82.21 ± 4.57%, FM: 67.75 ± 6.54%, GC: 34.58 ± 10.05%, GI 17.70 ± 8.89%). 
 
 
Fig. 4. Total relative richness of bird species in the four studied habitat types, grouped according to their 
habitat preferences. Numbers at the top of bars indicate the total number of bird species captured in the 
respective habitat. 
a b 
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To identify habitat preferences, abundances of all species with more than 10 captures were compared 
by Kruskal-Wallis ANOVA between the four habitat types. The resulting box-whisker plots (Fig. 5) 
show three different groups of species, according to which the plots have roughly been sorted. The 
species towards the top are confined to or strongly prefer forest habitats, while the same is true for 
those at the bottom for gallery forest habitats. Those in the middle occur equally across all habitats. 
  
Pipra mentalis *
F FM GC GI
-2
0
2
4
6
8
Habia  atrimaxillaris *
F FM GC GI
-8
-6
-4
-2
0
2
4
6
8
10
12
14
Geotrygon montana *
F FM GC GI
-2
0
2
4
6
8
Thalurania colombica *
F FM GC GI
-2
0
2
4
6
8
Cyanocompsa cyanoides
F FM GC GI
-1
0
1
2
3
Myrmeciza exsul
F FM GC GI
-2
-1
0
1
2
3
4
Amazilia decora
F FM GC GI
-4
-2
0
2
4
6
8
10
12
14
Leptotila cassini *
F FM GC GI
-1
0
1
2
3
4
5
Phaethornis  longirostris
F FM GC GI
-2
0
2
4
6
8
10
12
Arremon aurantiirostris *
F FM GC GI
-2
0
2
4
6
8
10
Mionectes  oleagineus *
F FM GC GI
-1
0
1
2
3
4
5
6
7
8
Thryothorus semibadius
F FM GC GI
-2
-1
0
1
2
3
4
5
Manacus aurantiacus
F FM GC GI
-4
-2
0
2
4
6
8
10
12
Phaethornis striigularis
F FM GC GI
-2
-1
0
1
2
3
4
5
Glyphorhynchus spirurus
F FM GC GI
-2
-1
0
1
2
3
4
5
6
7
Xiphorhynchus susurrans
F FM GC GI
-2
0
2
4
6
Threnetes ruckeri
F FM GC GI
-2
0
2
4
6
8
10
12
14
Amazilia  tzacatl **
F FM GC GI
-2
0
2
4
6
8
10
Turdus grayi
F FM GC GI
-1
0
1
2
3
4
5
6
Volatinia  jacarina
F FM GC GI
-1
0
1
2
3
4
5
6
7
F FM GC GI
Glaucis aeneus *
-2
0
2
4
6
8
10
Arremonops conirostris *
F FM GC GI
-2
0
2
4
6
8
10
Coereba flaveola *
F FM GC GI
-1
0
1
2
3
4
5
6
Ramphocelus costaricensis *
F FM GC GI
-5
0
5
10
15
20
25
30
Claravis  pretiosa
F FM GC GI
-8
-6
-4
-2
0
2
4
6
8
10
12
14
Oryzoborus funereus
F FM GC GI
-4
-2
0
2
4
6
8
10
12
Thraupis  episcopus
F FM GC GI
-4
-2
0
2
4
6
8
10
12
Sporophila americana **
F FM GC GI
-20
-10
0
10
20
30
40
50
60
  
 15 
Fig. 5. Distribution of all species with at least 10 captures across the four habitat types, quantified as mean 
abundances ± SD (box) and 95% CI (whiskers). Kruskal-Wallis ANOVAs: * p < 0.05, ** p < 0.01. Myiobius 
sulphureipygius was excluded for reasons of space; its graph was almost identical to Cyanocompsa cyanoides. 
 
There was no significant difference in the mean proportion of range-restricted species (one-way 
ANOVA F3,12 = 1.48,  p = 0.269) occurring in the four habitats. The difference in the mean 
proportion of individuals belonging to range-restricted species across the four habitats was almost 
significant (F3,12 = 3.03, p = 0.071). The main difference lay between F (14.39 ± 10.11%) and FM 
(28.82 ± 3.14%), while GC (22.08 ± 4.49%) and GI (18.55 ± 8.06%) had intermediate numbers. 
 
Regarding feeding guilds there was an apparent declining trend in the total relative richness of 
insectivore species from F to GI (not shown), though the difference in the mean proportion of 
insectivore species at each site was not quite significant (one-way ANOVA: F3,12 = 3.25, p = 0.060). 
Highest relative species richness of insectivores was reached at F (31.87 ± 7.48%) and FM (26.56 ± 
10.21%) and declined towards GC (17.49 ± 9.61%) and GI (16.89 ± 2.85%). A significant difference 
in the mean proportion of species could be detected for granivores (F3,12 = 4.44, p = 0.026), but not 
for nectarivores (F3,12 = 0.74, p = 0.550) or omnivores (F3,12 = 1.62, p = 0.236). Granivores increased 
from forest sites (F: 3.76 ± 2.51%, FM: 7.52 ± 3.33%) towards gallery forest sites (GC: 11.14 ± 
3.31%, GI: 13.04 ± 5.69%). Frugivores, piscivores and carnivores were excluded because there were 
too few captures for analysis.  
 
Tests were also performed to compare relative feeding guild abundance between habitats (Fig. 6 
shows total relative abundance). There was a significant difference in the mean proportion of 
individuals belonging to granivorous species (Kruskal-Wallis H3, 16 = 10.35, p = 0.016), showing a 
strong increase from forest sites (F: 2.27 ± 1.58%, FM: 4.34 ± 2.37%) towards gallery forest sites 
(GC: 12.00 ± 4.79%, GI: 28.27 ± 20.22%). The difference in the mean proportion of individuals 
belonging to insectivore species was almost significant (one-way ANOVA: F3,12 = 2.79, p = 0.086) 
and shows an opposite pattern of decrease from forest sites (F: 21.64 ± 8.98%, FM: 15.83 ± 11.07%) 
towards gallery forest sites GC (8.81 ± 5.64%) and GI (7.44 ± 3.70%). There was no significant 
difference in the mean proportion of individuals belonging to nectarivorous (F3,12 = 1.80, p = 0.201) 
or omnivorous (F3,12 = 1.28, p = 0.325) species.  
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Fig. 6. Total relative abundance of individuals belonging to different feeding guilds in the four sampled 
habitats. Numbers at the top of bars indicate the total number of bird individuals captured in the respective 
habitat. 
 
In the NMDS ordination for total species (Fig. 7a) a clear segregation of the four habitat types is 
apparent, indicating that they are characterized by distinct bird species composition. For forest 
species (Fig. 7b) the segregation is not quite as marked, though still apparent. F sites and FM sites 
overlap, but otherwise the habitats still form separate clusters. In both graphs dimension 1 values 
appear to represent the habitat dimension “distance to forest interior”, which increases from sites 
plotted at the left side of the graph towards sites at the right. 
  
  
Fig. 7. NMDS ordination based on Bray-Curtis similarities for total species (a), and forest specialist species 
(b). 
 
One-way ANOSIMs performed on the Bray-Curtis similarity matrix proved that faunal composition 
differed significantly between habitats for total recorded species (R = 0.66, p = 0.001), where all 
a b 
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habitats differed significantly except F vs. FM, and forest specialist species (R = 0.50, p = 0.001), 
where F vs. FM, FM vs. GC and GC vs. GI did not produce significant results (Tab. 1).  
 
Table 1. Results of ANOSIMs testing for effects of habitat on the composition of the entire bird assemblage 
and the fraction of forest specialist species recorded at individual sampling sites. Faunal similarity was 
quantified by Bray-Curtis similarities (based on square root transformed abundances). Significant differences 
are printed bold. 
Pairwise tests All species Forest specialist species 
F vs. FM R = 0.25, p = 0.086 R = 0.08, p = 0.314 
F vs. GC R = 0.93, p = 0.029 R = 0.39, p = 0.029 
F vs. GI R = 1.00, p = 0.029 R = 0.90, p = 0.029 
FM vs. GC R = 0.59, p = 0.029 R = 0.25, p = 0.114 
FM vs. GI R = 0.94, p = 0.029 R = 0.93 p = 0.029 
GC vs. GI R = 0.50, p = 0.029 R = 0.32, p = 0.114 
 
 
There was no significant difference in the mean proportion of birds with brood patches between 
habitats, regarding all species (one-way ANOVA: F3,12 = 1.47, p = 0.273) or forest specialist species 
(F3,12 = 1.14, p = 0.374). Also, there was no difference between habitats in the mean recapture rates 
of total species (F3,12 = 0.36, p = 0.785) or forest specialist species (F3,12 = 0.17, p = 0.915). 
 
The occurrence of all bird species classified according to their habitat preferences (forest specialists, 
forest generalists and non-forest species) was not random, but highly nested (Fig. 8). While 
assemblages of forest specialists recorded in gallery forests (GI and GC) represented subsets of the 
ones observed at forest sites (F and FM combined), forest generalists showed an opposite pattern. In 
their case, assemblages found at forest sites were subsets of the gallery forest assemblages. For non-
forest species at least a trend was visible that communities of FM and GC sites were subsets of 
assemblages recorded at GI sites (Fig. 8). No species classified as non-forest species were recorded 
at F sites nor at two of the FM sites. 
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Fig. 8. Presence-absence matrices of forest specialists, forest generalists and non-forest bird species at 16 
study sites packed into a state of maximum nestedness. Study sites are in rows, species are in columns. Only 
10 sites are shown for non-forest species due to the lack of species belonging to this group at six of the 
sampled sites. The curve indicates the boundary for a perfectly ordered matrix. Numbers represent row totals 
(number of recorded species per site) and column totals (number of sites at which individual species were 
recorded). Site names are provided on the right beside the row totals. For all three matrices the level of 
significance, system temperature and the average temperature ± SD for 1,000 randomizations is provided. 
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Environmental Data 
One-way ANOVAs testing for differences in habitat variables between habitats indicated no 
significant effects (results not shown). Fig. 9 shows that differences between sites belonging to the 
same habitat type could be as high as, or even higher than, differences between habitats. This is 
demonstrated, for example, by the leaf litter density at GC sites (Fig. 9b) or the undergrowth density 
at GI sites (Fig. 9c). 
 
 
Fig. 9. Means of the four habitat variables canopy closure (a), leaf litter density (b), undergrowth density (c), 
and number of trees >10 cm DBH (d) estimated for individual study sites (n = 4 mist-net locations per study 
site). Whiskers are ± 95% CI. Values in a, b and c were arcsine square root transformed. 
 
Using the bird species matrix (only including species with a total of >10 captured individuals) and 
the habitat matrix (including all four habitat variables) we performed a canonical correspondence 
analysis. Though a Spearman rank correlation analysis showed that some of the habitat variables 
were intercorrelated (canopy cover vs. leaf litter: rs = 0.33, p = 0.001; canopy cover vs. number of 
trees: rs = 0.28, p = 0.030), these variables’ inflation factors were well below the value of 20 (the 
highest value was 1.27) over which it is recommended variables be excluded from the analysis (ter 
a b 
c d 
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Braak and Smilauer 2002). The CCA result is significant (Monte Carlo randomization test for all 
axes: F = 2.01, p = 0.005) and explains 9.4% of the variability in the bird species data, and 73.9% of 
the species-environment variation. Axis 1 (eigenvalue: 0.20, explained variance of species data: 
6.8%) appears to be a gradient of forest cover, with all four of the habitat variables characterising 
forest (especially canopy closure and number of trees) pointing to the negative half of the axis. Axis 
2 (eigenvalue: 0.08, explained variance of species data: 2.6%) appears to represent forest maturity, 
ranging from mature forest with fewer large trees and sparse undergrowth on the positive half, to 
second-growth forest with a greater number of smaller trees and rich undergrowth on the negative 
side (Fig. 10). 
 
In line with expectations, at a first glance all forest specialist species are plotted on the left half of 
the graph, indicating that they react positively to increasing forest cover. All other species plot on the 
right half of the graph, especially classic species of open countryside such as the Variable Seedeater 
(Sporophila americana) or Thick-billed Seed-finch (Oryzoborus funereus). 
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Fig. 10. CCA ordination diagram with habitat variables as vectors and all species with >10 captured 
individuals as points. Species codes: Amadec = Amazilia decora, Amatza = A. tzacatl, Arraur = Arremon 
aurantiirostris, Arrcon = Arremonops conirostris, Clapre = Claravis pretiosa, Coefla = Coereba flaveola, 
Cyacya = Cyanocompsa cyanoides, Geomon = Geotrygon montana, Glaaen = Glaucis aeneus, Glyspi = 
Glyphorhynchus spirurus, Habatr = Habia atrimaxillaris, Lepcas = Leptotila cassinii, Manaur = Manacus 
aurantiacus, Mioole = Mionectes oleagineus, Myisul = Myiobius sulphureipygius, Myrexs = Myrmeciza exsul, 
Oryfun = Oryzoborus funereus, Phalon = Phaethornis longirostris, Phastri = Ph. striigularis, Pipmen = Pipra 
mentalis, Ramcos = Ramphocelus costaricensis, Spoame = Sporophila americana, Thacol = Thalurania 
colombica, Threpi = Thraupis episcopus, Thrruc = Threnetes ruckeri, Thrsem = Thryothorus semibadius, 
Turgra = Turdus grayi, Voljac = Volatinia jacarina, Xipsus = Xiphorhynchus susurrans 
 
Discussion 
Abundance and species richness 
The number of individuals captured per mist-net-hour differed noticeably across the four habitat 
types sampled during this study, though the result was not significant. Most individuals were 
captured in GI – more than twice as many as in F. Intermediate abundances were observed in FM 
and GC. A higher density of birds in edge habitats than in forest interior is not surprising because 
primary production and food abundance tend to be greater (Blake and Hoppes 1986). But also the 
chances of capturing a bird moving along an ecotone such as a forest margin or through the narrow, 
linear structure of a gallery forest should be greater than for a bird moving randomly through the 
understorey of a closed forest. Furthermore bird activity may be higher in edge habitats than in 
closed forest due to birds foraging in adjacent open areas and only temporarily visiting denser 
vegetation to escape higher predation risk in open areas. 
 
In a study comparing three successional stages of forest at La Selva Biological Station, Costa Rica, 
Blake and Loiselle (2001) recorded bird densities of 0.44 individuals per mnh in young second-
growth, 0.26 individuals per mnh in old second-growth and 0.20 individuals per mnh in old-growth 
forest. The 0.47 individuals per mnh recorded by us in forest are more than twice as many as were 
recorded in old-growth forest in La Selva. This could indicate that bird densities are much higher in 
the Pacific lowlands of Southern Costa Rica than in the Caribbean lowlands of Northern Costa Rica. 
One might add that caution should generally be exercised when comparing abundances between mist 
net studies, due to the large number of factors that can influence capture rate (Remsen and Good 
1996). 
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Somewhat surprisingly species richness estimated by rarefaction was similar for each habitat type. 
Other studies tend to show the greatest species richness of Neotropical birds in the least disturbed 
habitat (Estrada et al. 1997, Petit et al. 1999). What might seem even more counterintuitive at first is 
that the number of species estimated through extrapolation was highest for GI and lowest for F. A 
possible explanation for this effect is that gallery forests, which have the strongest edge character of 
all surveyed habitats, attract species both from wooded habitats and from the surrounding open 
habitat, equalling greater species richness in total (Petit et al. 1999). The same analyses only for 
forest specialist species clearly show a more anticipated answer. Both rarefaction and extrapolation 
showed the significantly highest expected species richness to be in F, declining towards GI. 
 
Among the species recorded during this study are a number that occurred quite unselectively in all 
habitats. These include some forest specialist species like the Wedge-billed Woodcreeper 
(Glyphorhynchus spirurus), Band-tailed Barbthroat (Threnetes ruckeri) and Cocoa Woodcreeper 
(Xiphorhynchus susurrans) to name but a few. Including species with less than 10 captures, 11 forest 
specialist species were detected in isolated gallery forest. These species obviously do not find it 
impossible to cross limited distances of open land, and the presence of gallery forests in the 
countryside – connected or isolated – help limit the maximum flight distance needed to reach the 
next stepping stone on the way to another forest fragment (Estrada et al. 1997).  
 
An especially interesting group in our study area are the species that occurred in all habitats except 
GI. This group consists entirely of forest specialist species: the Blue-black Grosbeak (Cyanocompsa 
cyanoides), Grey-chested Dove (Leptotila cassinii), Chestnut-backed Antbird (Myrmeciza exsul) and 
Violet-crowned Woodnymph (Thalurania colombica). Eight forest specialist species belonged to 
this group in total. Especially this group of species can be expected to profit from gallery forests 
with good connectivity to closed forest, whereas isolated gallery forests are of no beneficiary use. 
 
A last group of species deserving mention are the ones that occurred only in F and FM but in no 
gallery forests at all, such as the Red-capped Manakin (Pipra mentalis) and the endemic Black-
cheeked Ant-Tanager (Habia atrimaxillaris). These species are so dependent on closed forest that 
they will not even enter connected gallery forests and cannot be connected to populations in other 
forest fragments in this manner. Fifteen species belonged to this group in total, though some of them 
with so few captures that their recorded distribution could be mere chance. Other species belonging 
to this group, but which are typically not recorded during mist-net studies, are ground-dwelling birds 
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like the Great Curassow (Crax rubra) or the family of the Tinamous (Tinamidae) (Estrada et al. 
2000; personal observations). 
 
At forest interior sites, forest specialist species made up almost 80% of the species composition, the 
rest being forest generalist species. These declined steadily towards the other sampled habitats, down 
to just over 20% in GI. Our data clearly demonstrates that the value of connected gallery forests is 
considerably higher for forest specialist species than that of isolated gallery forests. While F was 
totally void of non-forest species, they started to occur in FM and reached almost 30% of the species 
composition in GI. Forest generalists played an increasing role from forest to gallery forest, starting 
with just over 20% in F and becoming the dominating group in both types of gallery forest, 
representing almost half of the species recorded there. Other studies confirm that resident species in 
gallery forests are largely represented by generalist species, though some forest-specialist species 
also occur (Warkentin et al. 1995). 
 
In a related study by Estrada et al. (2000) two gallery forests and live fences, a landscape element 
common to the Los Tuxtlas region in Mexico but also found in the area of La Gamba, were studied 
and found to support high species diversity, including a large proportion of species typical of the 
forest interior. These fences, essentially live fence posts of certain tree species that take root and 
continue to grow connected by barbed wire, are also used occasionally in the countryside around La 
Gamba as cattle fences and to demarcate properties. If the trees are allowed to mature and especially 
if a dense layer of undergrowth is allowed to emerge under the trees, then even these narrowest of 
wood-like habitats have been shown to be of value to forest birds (Estrada et al. 1997, 2000) and 
improve connectivity in a landscape. The gallery forests studied in Mexico however were quite 
different structurally from the ones studied here, because they were accessible to cattle and hence 
almost devoid of undergrowth. Probably for this reason species richness in the two Mexican gallery 
forests was lower than in the live fences and probably considerably lower than in the gallery forests 
studied here. 
 
Range-restricted species 
Only 7 of the 90 recorded species are classified as range-restricted by Birdlife International 
(Stattersfield et al. 1998). The somewhat surprising peak of individuals belonging to range-restricted 
species in FM reflects the distribution pattern of the majority of the more common range-restricted 
species recorded in our study area. Especially the Charming Hummingbird (Amazilia decora), but 
also the Orange-collared Manakin (Manacus aurantiacus) and Riverside Wren (Thyrothorus 
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semibadius) occurred most frequently in FM. Even the endemic Black-cheeked Ant-tanager (Habia 
atrimaxillaris) occurred slightly more frequently in FM than in F but was missing entirely in gallery 
forests. Only the two least common species, the Spot-crowned Euphonia (Euphonia imitans) and 
Black-hooded Antshrike (Thamnophilus bridgesi), occurred most frequently in F. The most common 
range-restricted species of all, Cherrie’s Tanager (Ramphocelus costaricensis), was missing in F and 
occurred most frequently in GI. Other studies have shown range-restricted species generally to be 
found more commonly and in higher densities in pristine habitats than in disturbed habitats (Schulze 
et al. 2004, Oostra et al. 2008, Schulze and Riedl 2008). 
 
Feeding guilds 
In line with the hypothesis that insectivores are most affected by habitat fragmentation, we recorded 
an obvious though not quite significant decline in the proportion of insectivores from F to GI, while 
the number of granivores significantly increases. This decrease of insectivores and simultaneous 
increase of granivores after habitat fragmentation is consistent on all continents, differing from other 
feeding guilds where the effects are not as globally consistent (Gray et al. 2007). According to the 
review of relevant studies by Gray et al. (2007) frugivores normally also belong to the declining 
species after habitat alteration, but in this study there were too few frugivores recorded for analysis. 
 
Apart from changes in predation rate and interference competition with opportunistic, disturbance-
adapted omnivores (Canaday 1997), a decline of insectivorous birds in forest fragments has also 
been linked to impoverished invertebrate prey availability, which could be caused by microclimatic 
changes at forest edges (Şekercioğlu et al. 2002). However, in gallery forest fragments food 
availability may not necessarily be a limiting factor for insectivorous birds. As has been shown for 
temperate-zone riparian forests, the high abundance of aquatic insects may even allow insectivorous 
birds to build up significantly larger populations there than in other forest types (Murakami & 
Nakano 2002). This in part may explain why the decline of insectivorous birds in gallery forests 
found in this study was not as pronounced as has been reported for other types of forest fragments. 
 
The increase of granivorous birds from F and FM towards gallery forests (particularly GI sites), 
documented by our data, was caused to a large extent by bird species such as the Blue-black 
Grassquit (Volatinia jacarina) and Variable Seedeater (Sporophila Americana). Such granivores 
predominantly forage in grassy or weedy fields, where they feed mainly on grass seeds (Stiles and 
Skutch 1989, personal observation), and only temporarily visit the dense undergrowth of adjacent 
gallery forests, perhaps to escape predators. 
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Species composition 
All four habitat types sampled in this study were characterised by distinct bird assemblages. 
Although still apparent, the segregation of bird assemblages into four groups representing the 
different habitats was weakened, when only forest specialists were included in the respective NMDS 
ordination. This is not surprising, considering that assemblages of forest specialists in different 
habitats did not actually represent distinct assemblages, but were in fact highly nested; species 
assemblages recorded at gallery forest sites were subsets of species-richer assemblages at forest 
sites. An opposite pattern of nestedness was found for forest generalists and non-forest birds. The 
highly nested species assemblages are remarkable considering that species inventories of individual 
sites were still relatively incomplete. In average only 66.08 ± 11.62% of the expected species total 
were recorded at individual study sites. Bird assemblages of tropical forest fragments have already 
been shown to be nested, with the degree and area dependence of nestedness increasing when the 
fragments were embedded within a landscape matrix dominated by open land (Wethered and Lawes 
2005). This reflects the situation given in this study, with gallery forests being far smaller fragments 
than true forest fragments, and all fragments being embedded in a matrix of open land. 
 
Gallery forests: Corridors or breeding habitat? 
Assuming that birds breed in forest habitats but not in gallery forest, one would expect to find a 
higher proportion of forest specialists with brood patches in forest than in gallery forest. 
Furthermore, due to the territoriality of breeding birds, one would expect higher recapture rates of 
forest specialists in forest than elsewhere. The fact that neither brood patch nor recapture data for 
forest specialist species showed a significant difference suggests that some of these birds actually 
use gallery forests not only for movement and foraging but also as breeding habitat. 
 
If breeding success is comparable to that in forest habitat is another question. Due to the greater edge 
character of gallery forests, higher predation rates and parasitism by cowbirds can be expected 
(Hoover et al. 2006). Unfortunately too few data on the age of birds were collected. In a future study 
it would be important to rectify this and see if a higher proportion of juveniles can be found in 
gallery forests. Assuming that gallery forest is a “second class” habitat from a bird’s perspective, one 
would expect adult birds to be the first to occupy all the territories in forest habitats, leaving younger 
birds making their first breeding attempt no option but to move into the gallery forests to establish 
territories. If breeding success were indeed lower, this would make gallery forests a sink habitat. 
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This study was conducted from mid-June to mid-September, a time during which only few Nearctic 
migrants have begun to return to Costa Rica. For this reason they are not considered as a group in 
this study, but other studies have shown that gallery forests support an especially high richness and 
abundance of Nearctic migratory species (Warkentin et al. 1995, Petit and Petit 2003). This further 
facet, as wintering habitat for these species, adds again to the potential conservation importance of 
gallery forests. 
 
Environmental variables 
Estimated values for the four habitat variables (canopy closure, undergrowth density, leaf litter 
density and number of trees) indicated that the structure of the four forest types was similar. In 
contradiction, the four habitats were characterised by highly distinct bird species assemblages. This 
emphasizes the importance of other habitat parameters for forest bird communities such as edge 
effects and isolation from closed forest. Isolated gallery forests at La Gamba are mostly embedded 
within a matrix of open land (annual cultures, pasture, and young fallows), which may form a highly 
effective dispersal barrier for forest-dwelling birds, as demonstrated by other studies on neotropical 
forest birds (Machtans et al. 1996, Laurance et al. 2004, Laurance and Gomez 2005). The 
combination of isolation from closed forest through open land and the higher extent of fragmentation 
are probably the driving forces for the loss of forest species, when moving from forest interior over 
edge habitats toward isolated gallery forests. 
 
The CCA ordination performed here shows a clear segregation of forest and non-forest species along 
the first axis, in line with the predictions by the habitat variables. The positive half of the first axis, 
which is negatively correlated with forest cover, is dominated by typical seed eating species of open 
agricultural land such as the Variable Seedeater (Sporophila americana), Blue-black Grassquit 
(Volatinia jacarina) and Thick-billed Seed-finch (Oryzoborus funereus), while all of the species 
classified as forest species are plotted on the negative half of the axis. Both the Orange-collared 
Manakin (Manacus aurantiacus) and Band-tailed Barbthroat (Threnetes ruckeri) were classified as 
forest specialist species based on their species descriptions in Stiles and Skutch (1989) but lie 
exactly in the middle of the first axis in the diagram, hence seem to be rather generalist forest species 
that were as common in open habitat during this study. CCA axis 2 only explains 2.6 % of variance 
in the species data and should thus be more cautiously interpreted, but a separation of species by 
their dependence on mature forest is none the less apparent. Species typical of dark, mature forest 
with high, dense canopy, such as the Red-capped Manakin (Pipra mentalis), Chestnut-backed 
Antbird (Mymeciza exsul) and especially the Black-cheeked Ant-Tanager (Habia atrimaxillaris), 
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endemic to the Golfo Dulce region, plotted on the positive half of the axis. Species more tolerant of 
younger second-growth, such as the Ochre-bellied Flycatcher (Mionectes oleagineus) and Riverside 
Wren (Thryothorus semibadius) plotted on the lower half of the axis. Also in this group were 
nectarivorous birds: four hummingbird species (e.g. the Crowned Woodnymph, Thalurania 
colombica and Long-tailed Hermit, Phaethornis longirostris) and the Bananaquit (Coereba 
flaveola), who favour the higher abundance of flowering plants in the dense undergrowth of a 
brighter second-growth forest (Estrada et al. 1997). 
 
Conclusions 
The four habitat types studied here are distinct with regard to their bird species composition and the 
habitat requirements they fulfil for different feeding guilds and habitat specialists. Connected gallery 
forests are of greater conservation value than isolated gallery forests. Isolated gallery forests may 
offer various resources to species of the surrounding open habitat (this study) and migrant species 
(Warkentin et al. 1995), but for the few forest specialist species of higher conservation value found 
there, they can be seen as little more than stepping stones, reducing their isolation only slightly. With 
comparatively little effort the conservation value of isolated gallery forests could be increased to 
benefit more species, for instance by revegetating bare river banks all the way to the next forest 
fragment, or by connecting isolated gallery forests to a network of live fences. 
 
Most of the gallery forests studied at La Gamba did not meet the requirements for size (30 m across) 
demanded by the Costa Rican forestry law No. 7575, but isolated gallery forests were generally even 
further away from this value than connected gallery forests, being as little as 10–15 m wide in some 
cases. An increased width of riparian forest strips could potentially weaken edge effects, thereby 
improving their value for forest understorey birds. 
 
It is those species occurring exclusively in forest and forest margin, which are so dependent on 
closed forest that connected gallery forests can do little or nothing to ease their situation. If properly 
managed wildlife corridors of greater dimensions, actually created for the very purpose, can be 
effective in this case, stands to be seen. Otherwise already fragmented populations will likely remain 
isolated and these species’ only hope is that existing large tracts of forest habitat will remain as 
untouched as possible in the future. 
 
The gallery forests created indirectly by Costa Rica’s progressive forestry law serve various 
purposes and not least of all benefit Costa Rican wildlife. They may already have helped alleviate 
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the impact of severe deforestation on the country’s unique biodiversity, specifically bird species 
richness. More attention should be paid to the conservation aspect of gallery forests, for instance by 
extending and interconnecting existing gallery forests and working towards a network of connected 
gallery forests. Also, better care should be taken to ensure that existing and new gallery forests 
actually meet the legal requirements for size and vegetation structure, laying particular emphasis on 
high canopy closure. 
 
Though gallery forests and corridors in general may be effective and valuable conservation tools in 
some cases, we would like to stress that they should under no account be considered an excuse for 
further deforestation and fragmentation of otherwise pristine landscapes. Even bird species 
characteristic of disturbed habitats may face difficulties in the long term, if land-use intensity 
continues to increase. Gallery forests may also represent an important refuge for such species within 
largely deforested tropical lowland countryside. The high species richness of gallery forests 
underlines the fact that they have great conservation value in their own right, representing an 
important habitat for forest generalist species and non forest species within the human-dominated 
countryside.  
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Appendix 
Table A. Classification according to habitat preference, range size and feeding guild, as well as number of individuals of each species captured (rows) at each of 
the 16 mist-netting sites (columns). 
Species 
Habitat 
Preference1 
Range-
Restricted 
Feeding 
Guild2 F5 F6 F7 F9 FM10 FM3 FM4 FM6 GC1 GC10 GC2 GC6 GI1 GI10 GI3 GI6 Total 
Actitis macularius NF  P                1 1 
Amazilia decora FG x N 5  3  3 4 11 9  2 2  1 4    44 
Amazilia tzacatl FG  N 2    4 2 1 3 8 7 5 4 3 3 2 4 48 
Arremon aurantiirostris FS  O 4 6 6 2 6 6 8 4 2 7 1 5  2  1 60 
Arremonops conirostris FG  O       1  1   2 6 6 1 1 18 
Attila spadiceus FS  O 2    1     1  2      6 
Automolus ochrolaemus FS  C   2 1 2 1 1 2          9 
Buteo magnirostris NF  C             1     1 
Cacicus uropygialis FS  O  1                1 
Camptostoma obsoletum FG  O               1   1 
Capsiempis flaveola FG  O         1  4     1 6 
Chloroceryle aenea NF  P                1 1 
Chloroceryle americana FG  P              2 1 1 4 
Claravis pretiosa FG  O  1           11  1   13 
Coereba flaveola FG  O     1   2 1 2 3 1 2 5 1 3 21 
Columbina talpacoti NF  F             1   1 2 
Cyanocompsa cyanoides FS  O 2 1 1 1  2  2 1 1        11 
Deconychura longicauda FS  I   1   1            2 
Dendrocincla anabatina FS  C       3 2    1      6 
Elaenia flavogaster NF  O         1         1 
Empidonax alnorum NF  O         2     2 4   8 
Eucometis penicillata FS  O    1   3           4 
Euphonia imitans FS x O  2 1  1 1       1 2    8 
Euphonia laniirostris FG  O        2 1    1     4 
Euphonia luteicapilla FG  O             2     2 
Eutoxeres aquila FS  N  1  2              3 
Florisuga mellivora FG  N        2    1  1    4 
Formicarius analis FS  I    1  2            3 
Geotrygon montana FS  F     3 2 6           11 
Glaucis aeneus FG  N     1  3     1 8 2 1 2 18 
Glyphorhynchus spirurus FS  I 3  5 2 1  2 2 2 1   3  1 1 23 
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Species 
Habitat 
Preference1 
Range-
Restricted 
Feeding 
Guild2 F5 F6 F7 F9 FM10 FM3 FM4 FM6 GC1 GC10 GC2 GC6 GI1 GI10 GI3 GI6 Total 
Gymnopithys leucaspis FS  I    1              1 
Habia atrimaxillaris FS x O 3 2 2  1 2 8           18 
Heliomaster longirostris FG  N             2     2 
Heliothryx barroti FG  N       1    1       2 
Hylocharis eliciae FG  N  1      4   1       6 
Hylophilus decurtatus FS  O              1    1 
Hylophilus flavipes FG  O             1 1    2 
Lepidocolaptes souleyetii FS  I       2     1      3 
Leptotila cassini FS  G 2   1 2 2 4 1 1  1       14 
Leptotila verreauxi FG  G     1  1   1  1 1 1  2 8 
Lipaugus unirufus FS  O   1               1 
Manacus aurantiacus FS x O 4  3  6 5 5 8 8 7  2 2 3 2   55 
Microcerculus marginatus FS  I 1     2            3 
Mionectes oleagineus FG  O 4 3 2 5 3 7 3 4 3 3 5 4 2 1 1   50 
Momotus momota FS  O  1                1 
Myiobius sulphureipygius FS  I 1 1 2 1 1 2 1   2        11 
Myiozetetes granadensis FG  O             1     1 
Myiozetetes similis NF  O              1  1 2 
Myrmeciza exsul FS  I   1 3 1 3  1  2 1       12 
Oncostoma cinereigulare FG  I 2  1   1            4 
Onychorhynchus coronatus FG  I        1 1 1 1 1   1   6 
Oryzoborus funereus NF  G         6 3   7 1  9 26 
Pachyramphus polychopterus FG  O           1       1 
Phaeochroa cuvierii FG  N          1   3 4    8 
Phaeothlypis fulvicauda FS  I     1  3   1    1    6 
Phaethornis longirostris FS  N 10 3 3 2  2 5 8 3 4 3 1 1 1 1   47 
Phaethornis striigularis FG  N   2  2 2    1 4 1 1     13 
Picumnus olivaceus FG  I            1 2     3 
Pipra coronata FS  O  1  1              2 
Pipra mentalis FS  O  6 5 3 1  5 2          22 
Platyrinchus coronatus FS  I    1              1 
Poecilotriccus sylvia FG  I          1        1 
Ramphocaenus melanurus FS  I      1  1          2 
Ramphocelus costaricensis FG x O     5 2  4 9 2 11 11 20 18 1 13 96 
Rhynchocyclus brevirostris FS  O 2    2             4 
Saltator maximus FG  O         3 1  1  2 1   8 
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Species 
Habitat 
Preference1 
Range-
Restricted 
Feeding 
Guild2 F5 F6 F7 F9 FM10 FM3 FM4 FM6 GC1 GC10 GC2 GC6 GI1 GI10 GI3 GI6 Total 
Seiurus noveboracensis FG  I 1                 1 
Sporophila americana FG  F  1    1   6 8 4 3 45 12 1 28 109 
Sporophila torqueola NF  G              1    1 
Synallaxis albescens NF  I             1     1 
Tangara gyrola FS  O      1            1 
Tangara larvata FG  O           1       1 
Terenotriccus erythrurus FS  I   1               1 
Thalurania colombica FS  N 4 7 1 1 1 2 1 5 1 3 1       27 
Thamnophilus bridgesi FS x I 2     1            3 
Thraupis episcopus NF  O         7 7   3     17 
Thraupis palmarum NF  O                1 1 
Threnetes ruckeri FS  N 1  5 1 8 4 5 5 7 4 6 5 11 6 2 5 75 
Thryothorus fasciatoventris FS  I      1    1        2 
Thryothorus modestus NF  I         1    1   1 3 
Thryothorus semibadius FS x I 1   1 1 3  3  3  2  1    15 
Todirostrum cinereum FG  I              1    1 
Troglodytes aedon NF  I             1 2  1 4 
Trogon rufus FS  O    1              1 
Turdus grayi NF  O     2  1  3 5 1 1 1   2 16 
Volatinia jacarina NF  G       1  1    5 4  3 14 
Xenops minutus FS  I  2    1       1     4 
Xiphorhynchus susurrans FS  I 1 1 1  2 5    1  2 2 1 1   17 
Zimmerius vilissimus FG  O           1       1 
unidentified because escaped or predated in 
net        2 1 1 1     2    7 
Gesamtergebnis       57 41 49 32 63 73 86 78 81 83 58 54 154 94 24 83 1110 
 
1 : FS = forest specialist, FG = forest generalist, NF = non-forest species. 
2
 : I = insectivore, N = nectarivore, G = granivore, O = omnivore, F = frugivore, C = carnivore, P = piscivore
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